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[57] ABSTRACT

A speed-and-phase control circuit for a rotary machine.
A frequency divider is responsive to an input signal
whose frequency is proportional to the revolution num-

vides as a first output signal a frequency-divided version
of the input signal. A logical circuit is responsive to the
input signal and to the first output signal. The logical
circuit provides in timed relationship first, second and
third timing pulses. The pulse width of the first timing
pulse and of the second timing pulse is equal to a half
period of the input signal. The pulse width of the second
timing pulse is equal to one period of the input signal.
The rising edge of the first timing pulse is substantially
coincident with the falling edge of the input signal, the
rising edge of the second timing pulse is substantially
coincident with the falling edge of the first timing pulse,
and the rising edge of the third timing pulse is substan-
tially coincident with the falling edge of the second
timing pulse. A charging circuit charges a first capaci-
tor to a predetermined voltage level in response to the
first timing pulse. A discharge circuit discharges ac-
cording to the constant current mode the first capacitor
circuit in response to the second timing pulse. A first
gate circuit transfers the charge present on the first
capacitor circuit to a second capacitor circuit in re-
sponse to the second timing pulse. A second gate circuit
transfer the charge present on the first capacitor circuit
to a third capacitor circuit in response to a reference
pulse having a reference phase. The speed and phase of
the rotary machine is selectively controlled in accor-
dance with the voltages present on the second and third
capacitor circuits.

ber of the rotary machine. The frequency divider pro- 5 Claims, 2 Drawing Figures
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SPEED-AND PHASE CONTROL CIRCUIT FOR A
ROTARY MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a speed-and- phase
control circuit adapted to control the rotational speed-
and-phase of a rotary machine.

2. Description of the Prior Art

A speed control circuit is frequently employed for
constant speed control of a rotary machine, such as an
electric motor. Such a conventional speed control cir-
cuit is responsive to an alternating current signal that is
generated by the rotary machine and has a frequency
which is proportional to the number of revolutions of
the rotary machine per unit time. The alternating cur-
rent signal is converted by the constant speed control
into a direct current signal whose amplitude is propor-
tional to the frequency of the alternating current signal.
The direct current signal is then compared to a refer-
ence voltage signal so as to produce a difference signal.
The difference signal is used as a feed-back signal and,
thus, allows the constant speed control circuit to pro-
vide the constant speed control of the rotary machine.

If synchronization of the revolution number of the
rotary machine with a reference signal of predeter-
mined frequency or if coincidence of rotation phase
with the phase of a signal of predetermined frequency is
required, however, a rotation phase control circuit is
needed in addition the speed control circuit described
above. A device having both a phase control circuit and
a speed control circuit is electronically complicated and
is difficult to build and maintain.

Several attempts have been made to simplify the
device having both a phase control circuit and a speed
control circuit. One such approach employs a circuit
which exhibits several major deficiencies. For example,
the circuit employs a monostable multivibrator whose
time constant inherently varies with temperature, and,
thus, the circuit characteristics are prone to be unstable.
Furthermore, the circuit needs capacitors to form the
monostable multivibrator, and, therefore, in the case
where the circuit is manufactured in the form of an
integrated circuit, it is necessary to provide the capaci-
tors externally.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide a rotation speed-and-phase control circuit for a
rotary machine, which is simple to construction, which
exhibits a high stability, and which requires only a few
capacitors.

The present invention is a speed-and-phase control
circuit for a rotary machine. A frequency divider is
responsive to an input signal whose frequency is pro-
portional to the revolution number of the rotary ma-
chine. The frequency divider provides as a first output
signal a frequency-divided version of the input signal. A
logical circuit is responsive to the input signal and to the
first output signal. The logical circuit provides in timed
relationship first, second and third timing pulses. The
pulse width of the first timing pulse and of the second
timing pulse is equal to a half period of the input signal.
The pulse width of the second timing pulse is equal to
one period of the input signal. The rising edge of the
first timing pulse is substantially coincident with the
falling edge of the input signal, the rising edge of the

5

—_

5

40

45

65

2

second timing pulse is substantially coincident with the
falling edge of the first timing pulse, and the rising edge
of the third timing pulse is substantially coincident with
the falling edge of the second timing pulse. A charging
circuit charges a first capacitor to a predetermined volt-
age level in response to the first timing pulse. A dis-
charge circuit discharges according to the constant
current mode the first capacitor circuit in response to
the second timing pulse. A first gate circuit transfers the
charge present on the first capacitor circuit to a second
capacitor circuit in response to the second timing pulse.
A second gate circuit transfer the charge present on the
first capacitor circuit to a third capacitor circuit in re-
sponse to a reference pulse having a reference phase.
The speed and phase of the rotary machine is selectively
controlled in accordance with the voltage present on
the second and third capacitor circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing one example of a
speed-and-phase-control circuit for a rotary machine
according to the presert invention.

FIG. 2 is a waveform diagram representing the oper-
ation at several nodes in the circuit shown in FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

The: present invention is described with reference to
the accompanying drawings. FIG. 1 shows one example
of a speed-and-phase control circuit according to the
present invention, and FIG. 2 is a waveform diagram
representing the operation at several different nodes in
the circuit shown in FIG. 1. It should be noted that the
reference characters in FIG. 2 correspond to the char-
acters in FIG. 1.

Referring to FIG. 1, a signal having a frequency
proportional to the number of revolutions of an electric
motor 1 is generated by a frequency generator 2. The
output of frequency generator 2 is shaped into a rectan-
gular wave by a waveform shaping circuit 3. The rect-
angular wave output of the waveform shaping circuit is
subjected to a } frequency division operation by a fre-
quency divider 4 so as to provide a second timing signal
for opening an output gate 10. The pulse width of the
second timing signal is equal to one period of the output
of the frequency generator 2.

The outputs of waveform shaping circuit 3 and fre-
quency divider 4 are subjected to a logical synthesiza-
tion by inverters 5 and 6 and AND gates 7 and 8, which
form first and third timing signals for opening respec-
tive gates 9 and 11. The pulse width .of each of the first
and third timing signals is equal to one-haf (3) of the
period of the output of the frequency generator 2. The
aforementioned first, second and third timing signals are
shown by the waveform traces (c), (b) and (d), respec-
tively, of FIG. 2. As shown in FIG. 2, each of the three
timing pulses opens its respective gates when it is in the
logic high level.

The operation of the speed-and-phase control of the
present invention is now described. First, gate 9 is
opened by the first timing signal (c), which causes a first
capacitor 13 to be charged to a voltage equal to a refer-
ence voltage present at a reference voltage source 12.
Then, gate 10 is opened by the second timing signal (b)
as gate 9 is beng closed, causing first capacitor 13 to be
discharged in the constant current mode by a constant
current source 14 in a period of time corresponding to



4,171,411

3

one period of the output of frequency generator 2.
Then, when gate 10 is closed sg as to stop the discharg-
ing of capacitor 13, gate 11 is opened by the third timing
signal (d), causing a second capacitor 15 to be charged
to a value equal to the voltage present across. first ca-
pacitor 13. In the present case, first capacitor 13 is
charged to a voltage obtained as the result of discharg-
ing, in the constant current mode, for a period of time
corresponding to one period of the output of the fre-
quency generator 2. Thus, the voltage present on first
capacitor 13 corresponds to the period of the output of
the frequency generator 2, this causing the voltage
present on second capacitor 15 also to correspond to the
same period.

Next, the first timing signal (c) occurs again, causing
gate 9 to be opened and first capacitor 13 to be charged
to the reference voltage present as reference voltage
source 12. At the same time, gate 11 is closed, and,
therefore, the terminal voltage on second capacitor 15 is
maintained unchanged. The terminal voltage present on
second capacitor 15 is applied through a buffer 16 to a
driving circuit 17 of the electric motor 1. Buffer 16 has
a very high input impedance so that second capacitor 15
is not discharged thereby. The driving circuit 17 oper-
ates to drive the electric motor 1 in the forward direc-
tion so as to increase the revolution number thereof
when the terminal voltage on second capacitor 15 is at
a low level, which is due to a low output frequency
from a frequency generator 2. The driving circuit 17
also operates to drive the electric motor in the reverse
direction so as to decrease the revolution number
thereof when the terminal voltage on second capacitor
- 15 is at a high level, which is due to a high output fre-
quency from frequency generator 2. Thus, the electric
motor 1 is controlled by driving circuit 17 so that elec-
tric motor 1 is rotated at a constant speed. It should be
noted that driving circuit 17 is made up of a differential
circuit having two input terminals. The output signal
from buffer 16 is applied to the first input terminal, and
a reference voltage from a buffer 21 (discussed below) is
applied to the second input terminal.

As shown in FIG. 1, a reference voltage signal is
applied to a reference signal input terminal 22 and is
subjected to waveform shaping by a waveform shaping
circuit 18, which results in a signal having a narrow
pulse width being generated, as shown by waveform
trace (f) in FIG. 2. The output signal from waveform
shaping circuit 18 having the narrow pulse width is
applied to a gate 19. When electric motor 1 is being
rotated substantially in steady state, the terminal volt-
age present on first capacitor 13 is of a trapezoid wave-
form, as indicated by waveform trace () of FIG. 2. A
third capacitor 20 is charged to the terminal voltage
present on first capacitor 13 when gate 19 is opened by
the timing signal (f) from waveform shaping circuit 18.
Accordingly, when the phase of the terminal voltage
waveform present on first capacitor 13 lags the phase of
the reference signal at the reference signal input termi-
nal 22, the third capacitor 20 is charged to a high volt-
age level. However, when the phase of the terminal
voltage waveform present on first capacitor 13 leads the
phase of the-reference signal at the reference signal
input terminal 22, the third capacitor 20 is charged to a
low voltage level. , ,

-The terminal voltage present on third capacitor 20 is
applied to the motor driving circuit 17 through a buffer
21 having a function similar to that.of buffer 16. In the
phase case, when the terminal voltage on third capaci-
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tor 20 is high, the motor 1 is driven in the forward
direction so as to compensate for the phase lag. When,
however, the terminal voltage on the third capacitor 20
is low, the motor 1 is driven in the reverse direction so
as to compensate for the phase lead. In other words, a
control function performed so that the relation between
the phase of the terminal voltage of the first capacitor
13 and the reference signal at terminal 22 is maintained
constant. To put it another way, the motor driving
circuit 17 operates to make the relationship between the
rotation phase of the motor 1 and the phase of the refer-
ence signal at terminal 22 constant. Accordingly, in the
phase case, the driving circuit 17 is made up of a differ-
ential circuit having two input terminals, with the refer-
ence voltage from buffer 21 and the output voltage from
the buffer 16 being applied to the two respective input
terminals.

In the above-described example, the frequency of the
reference signal is selected so as to be § of the output
frequency of the frequency generator 2 under the condi-
tion that the revolution number of the electric motor 1
is as stated above. In the embodiment of the present
invention described above, the first, second and third
timing signals are provided by means of the frequency
divider 4 and the logical gates 5 through 8. It should be
noted, however, that the § frequency division provided
by frequency divider 4 may be replaced by an integer
frequency divider in order to obtain the desired timing
signals if the appropriate logical circuits are provided.

It should be noted that in the above-described em-
bodiment, when gate 11 or gate 19 is opened, the charge
present on the first capacitor 13 is transferred to the
second or third capacitors 15, 20, respectively, which
causes error because the voltage present on first capaci-
tor 13 is decreased. However, if the capacitance value
of the second and third capacitors 15, 20 is each selected
to be smaller than the capacitance value of the first
capacitor 13, the voltage variation on capacitor 13 is
effectively eliminated.

In the application of the present invention where
error must be reduced to an absolute minimum, a full-
feed-back type differential amplifier may be employed
to externally charge the second and third capacitors 15,
20 in such a manner that the potential on each becomes
equal to the potential on the first capacitor 13. This
approach causes the elimination of the errors due to
capacitors 13, 15, 20.

In addition, in the above-described embodiment, the
first capacitor 13 having the predetermined voltage is
discharged by means of the constant current source 14.
The same effect can be obtained, however, by charging
the first capacitor 14. In such a case, the reference volt-
age 12 is made to be the ground voltage.

As is apparent from the above description, the speed-
and-phase-control circuit for a rotary machine accord-
ing to the invention can be manufactured in the form of
an integrated circuit because the number of capacitors
are relatively few, and because the required capacitors
do not cause substantial temperature instability. Fur-
thermore, the speed-and-phase control circuit is simple
to build and maintain, and, yet, it provides control of
both rotation speed and rotation phase of the rotary
machine.

What is claimed is:

1. A speed-and-phase control circuit for a rotary
machine, comprising:

a. frequency divider means responsive to an input

signal whose frequency is proportional to the revo-
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lution number of said rotary machine for providing
frequency division of said input signal and for pro-
viding said frequency-divided input signal as a first
output signal;

b. logical circuit means responsive to said input signal
and to said first output signal for providing in timed
relationship a first timing pulse having a pulse
width equal to a half period of said input signal, the
rising edge of said first timing pulse being substan-
tially coincident with the falling edge of said input
signal, a second timing pulse having a pulse width
equal to one period of said input signal, the rising
edge of said second timing pulse being substantially
coincident with the falling edge of said first timing
pulse, and a third timing pulse having a pulse width
equal to a half period of said input signal, the rising
edge of said third timing pulse being substantially
coincident with the falling edge of said second
timing pulse;

c. charging circuit means for charging a first capaci-
tor circuit to a predetermined voltage level in re-
sponse to said first timing pulse;

d. discharge circuit means for discharging according
to the constant current mode said first capacitor
circuit in response to said second timing pulse;

e. first gate circuit means for transferring said charge
present on said first capacitor circuit to a second
capacitor circuit in response to said second timing
pulse; and

f. second gate circuit means for transferring said
charge present on said first capacitor circuit to a
third capacitor circuit in response to a reference

~ timing pulse having a reference phase, whereby the
speed and phase of said rotary machine is selec-
tively controlied in accordance with the voltages
present on said second and third capacitor circuits.

2. The speed-and-phase control circuit for a rotary

" machine as recited in claim 1, further comprising,

first buffer circuit means responsive to said voltage
present on said second capacitor circuit for provid-
ing said voltage as a second output signal, said first
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buffer circuit means exhibiting a high input impe-
dance,

second buffer circuit means responsive to said voltage

present on said third capacitor circuit for providing
said voltage as a third output signal, said second
buffer circuit means exhibiting a high input impe-
dance, and

driving circuit means responsive to said second and

third output signals for providing a speed-and-
phase control signal to said rotary machine derived
in accordance with the difference between said
second output signal and said third output signal.

3. The speed-and-phase control circuit for a rotary
machine as recited in claim 1, wherein said logical cir-
cuit means includes

first means for producing the logical product of the

inverse of said input signal and the inverse of said
first output signal, said logical product being said
first timing pulse, and

second means for producing the logical product of

said input signal and the inverse of said first output
signal, said logical product being said third timing
pulse.

4. The speed-and-phase control circuit for a rotary
machine as recited in claim 3, wherein said first means
includes a first inverter having an input responsive to
said input signal, a second inverter having an input
responsive to said first output signal, and an AND cir-
cuit having a first input responsive to the output of said
first inverter, a second input response to the output of
said second inverter and an output, said output being
said first timing pulse.

5. The speed-and-phase control circuit for a rotary
machine as recited in claim 3, wherein said second
means include a third inverter having an input respon-
sive to said first output signal and an AND circuit hav-
ing a first input responsive to the output of said third
inverter, a second input responsive to said input signal

and an output, said output being said third timing pulse.
¥ % Xx x %



